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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to an optical disk 
5 from/onto which data is reproduced/recorded by utilizing 
laser light; an optical disk apparatus which reads out or 
records signals using an optical disk; and a method for 
producing an optical disk master. 

10 2. DESCRIPTION OF THE RELATED ART: 

In recent years, an optical disk has been widely 
used as a medium for storing mass data files such as 
music, an image, and the like. Studies for increasing 
the capacity of an optical disk have been made in order 

15 to realize a wider range for its use. 

At present, due to the partial response tech- 
nique, a recording density of an optical disk apparatus 
is about 0.4 um/bit in a linear density direction, and 
20 about 1.2 um/track. 

In order to realize a higher density optical 
disk, various methods have been suggested. One of such 
methods is a super-resolution readout method in which ^ 

25 reproducing film of an optical disk has a super- 
resolution reproducing effect (see USP 5,168,482). The 
"super-resolution reproducing effect" refers to high- 
resolution reproduction wherein its resolution level 
exceeds the resolution level for collected light beam. 

30 Such high-resolution reproduction is realized by using a 
reproducing film heated by a light beam collected onto an 
optical disk medium, which has a function of generating 
a reproduction signal in a region having a predetermined 



- 2 - 



P16671 



temperature. According to the super-resolution readout 
method, it is possible to reproduce a signal at a resolu- 
tion level higher than the resolution of a light beam, 
which is determined by the wavelength of its light source 
5 and the aperture of its collective lens. Thus, it is 
possible to realize a high-density optical disk appara- 
tus. Specifically, according to the super-resolution 
readout method, a recording density can be improved up to 
about 0.2 urn/bit in a liner density direction and about 
10 0.6 um/track. 

In order to produce an optical disk according to 
the super-resolution readout method, it is necessary to 
preformat addresses (e.g., sector numbers or track 

15 numbers which are recorded in sector identification 
regions) by providing emboss pits on the disk. However, 
such emboss pits do not provide the super-resolution 
effect. As a result, when an address is recorded in a 
narrow track pitch of about 0.6 um, errors are generated 

20 due to cross- talk from an adjacent track. Consequently, 
the address cannot be reproduced. In order to avoid such 
a problem, an optical disk in which addresses are record- 
ed so as not to be adjacent to each other between two 
adjacent tracks has been suggested (e.g., USP 5,422,874). 

25 

Such optical disks wherein addresses are previ- 
ously recorded by emboss pits are made by producing a 
master first and making reproduction using the master by 
means of injection or the like. Such a master is gener- 
30 ally produced as follows. A photoresist film is formed 
on a circular glass substrate. A light beam such as an 
argon laser, krypton laser, or the like is collected onto 
the photoresist film while the glass substrate is being 



- 3 - 



P16671 



rotated in a precise manner. Portions of the photoresist 
film such as the grooves or the pits, which are exposed 
to light by the collected light, are photosensitized. 
Thereafter, the photoresist film is developed, thereby 
5 obtaining a photoresist film having a predetermined 
pattern (i.e., grooves or pits). Using the thus-obtained 
photoresist film as a mask, the glass substrate is etched 
so as to form grooves, emboss pits, and the like on the 
surface of the glass substrate. Next, the resist film is 
10 removed, and the surface of the glass substrate is then 
made to be conductive. Finally, electrodeposition of 
nickel or the like is performed for the conductive glass 
substrate. In the manner as described above, the optical 
disk master is produced. 

15 

In recent years, upon producing a high density 
master, an electron beam is often used instead of a light 
beam. 

20 According to the optical disk disclosed in USP 

5,422,874, address regions are positioned along respec- 
tively different radial directions between adjacent two 
tracks in order to realize a narrow track pitch. There- 
fore, the address region is required to have a length 

25 twice as long as the actually used data length of the 
address region at the expense of the capacity of the 
optical disk. 

According to an optical disk wherein a data 
30 recording region is formed of a groove or a land (e.g., 
the optical disk disclosed in USP 5,422,874), it is 
extremely difficult to produce a master thereof. Specif- 
ically, in order to improve reproduction characteristics 
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of emboss pits of address regions, each of the emboss 
pits needs to have a width of about 0.3 to about 0.4 urn. 
On the other hand, a groove region serving as data 
recording region needs to have a width of about 0.6 to 
5 about 0.7 um which is about the same as the track pitch 
in order to equalize the reproduction characteristics at 
the groove region with that at the land region. Accord- 
ing to the conventional method for producing an optical 
disk master, however, since the master is generally 
10 produced using one light beam or one electron beam, the 
width of the region exposed to light, which corresponds 
to the line width of such a beam, is constant. There- 
fore, it is extremely difficult to change the width of an 
address region from the width of a groove region. 

15 

In order to make the width of the address region 
and the width of the groove region different from each 
other, a method using two light beams having respectively 
different spot diameters has been known. However, in the 

20 case where a master is produced using two light beams, it 
is necessary to perform the alignment of the two light 
beams having different widths at an accuracy of about 0.1 
um or less. Thus, the production of the master is 
extremely difficult. Moreover, the width of the groove 

25 region on the master can only be made, at most, about 1.5 
times as large as that of the address region. 

SUMMARY OF THE INVENTION 

30 An optical disk of this invention may have one 

region or may be concentrically divided into two or more 
regions, each of which includes a plurality of tracks. 
The plurality of tracks are further divided into a 



- 5 - 



P16671 



plurality of regions along radial directions. Addresses 
radially disposed along the tracks constitute address 
regions formed on the tracks. According to data arrange- 
ment of the address regions, data which is common between 
a first track and a second track adjacent to each other 
is recorded at positions aligned along a radial direc- 
tion, and data which is different from each other between 
the first track and the second track is recorded at 
respectively different positions in a radial direction. 
With the optical disk having such a structure, the above- 
described problems can be solved. 

A data region of the first track may be a groove, 
and a data recording region of the second track may be a 
land portion. 

The optical disk reproducing apparatus according 
to the present invention reproduces an optical disk 
wherein a polarity of a signal used for tracking the 
first and the second tracks is inverted between the first 
track and the second track. The apparatus for reproduc- 
ing such an optical disk includes a detector for detect- 
ing positional information of the address data in the 
address regions related to the first and the second 
tracks, and determining section for determining the 
polarity of a signal used for tracking based on informa- 
tion from the detector. With the apparatus having such 
a structure, the above-described problems can be solved. 

The apparatus for reproducing an optical disk 
includes an address error detector corresponding to the 
first track and the second track. The apparatus may use 
information from the address error detector as informa- 
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tion for determining the tracking polarity of the data 
regions of the first track and the second track. 

According to one aspect of this invention, an 
5 optical disk includes at least one region along a radial 
direction, and a plurality of tracks provided in the at 
least one region. The at least one region contains 
address regions radially positioned on the plurality of 
tracks. In the address regions, data which is common 

10 between two adjacent tracks of the plurality of tracks is 
recorded at positions aligned along the same radial 
direction on the two adjacent tracks, and data which is 
not common between the two adjacent tracks is recorded at 
positions along different radial directions on the two 

15 adjacent tracks. 

In one embodiment of the present invention, the 
plurality of tracks include a plurality of first tracks 
and a plurality of second tracks in which the address 

20 region includes the data which is common between the 
plurality of first tracks and the plurality of second 
tracks at a position along the same radial direction, and 
includes the data which is not common between the plural- 
ity of first tracks and the plurality of second tracks at 

25 positions along different radial directions. Each of the 
plurality of first tracks and each of the plurality of 
second tracks are alternately repeated. 

In another embodiment of the present invention, 
30 the at least one region further includes a data recording 
region which is different from the address regions; and 
each of the plurality of first tracks in the data record- 
ing region is formed of a groove, and each of the plural- 
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ity of second tracks in the data recording region is 
formed in a region between the grooves of two adjacent 
tracks of the plurality of first tracks. 

5 In still another embodiment of the present inven- 

tion, of the address regions positioned on the plurality 
of second tracks, each of the plurality of first tracks 
in the address region, where data which is different from 
each other between the plurality of first tracks and the 
10 plurality of second tracks is recorded, is formed of a 
groove. 

According to another aspect of this invention, an 
apparatus reproduces data recorded in an optical disk 

15 having at least one region along a radial direction, and 
a plurality of tracks provided in the at least one 
region. The optical disk includes address regions 
radially positioned on the plurality of tracks provided 
in the at least one region. In the address regions, data 

20 which is common between two adjacent tracks of the 
plurality of tracks is recorded at positions aligned 
along the same radial direction on the two adjacent 
tracks, and data which is not common between the two 
adjacent tracks is recorded at positions along different 

25 radial directions on the two adjacent tracks; and a 
tracking polarity is changed at at least one point in the 
two adjacent tracks. The apparatus includes: a detecting 
section for detecting record positions of data recorded 
in the address regions in the two adjacent tracks; and a 

30 determining section for determining a tracking polarity 
of a track being reproduced among the plurality of tracks 
based on an output from the detecting section. 
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In one embodiment of the present invention, the 
detecting section is an error detector for detecting 
error information in data recorded in the address regions 
so as to correspond to each of the two adjacent tracks; 
5 and the record position of the data is detected based on 
the detection of the error information for the data. 

According to still another aspect of this inven- 
tion, a method for producing an optical disk master 

10 includes the steps of: (a) providing a substrate having 
a photoresist film provided on a surface thereof; (b) 
rotating the substrate in a relative relationship with a 
beam; (c) irradiating the photoresist film on the sub- 
strate with the beam so as to form a first beam trace in 

15 the photoresist film; (d) further irradiating the 
photoresist film with the beam such that the beam par- 
tially overlaps the first beam trace, so that a second 
beam trace is formed in the photoresist film; and (e) 
completing the optical disk master using the photoresist 

20 film. 

In one embodiment of the present invention, the 
step (d) comprises shifting the beam in a radial direc- 
tion of the substrate and irradiating the photoresist 
25 film with the beam so as to form the second beam trace. 

In another embodiment of the present invention, 
the step (d) includes formation of a second beam trace 
having a width which is larger than a half-value of the 
30 width of the beam in the photoresist film. 

Thus, the invention described herein makes 
possible the advantages of ( 1 ) providing an optical disk 
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having an improved recording density efficiency, and (2) 
providing a method for easily producing an optical disk 
master in which a width of each of emboss pits of address 
regions and a width of a groove region are different from 
5 each other using a light beam having a constant spot 
diameter. 

These and other advantages of the present inven- 
tion will become apparent to those skilled in the art 
10 upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Figures la and IB are views for illustrating the 

structures of an optical disk 100 and an address number 
region 105-1 thereof according to Example 1 of the 
present invention; 

20 Figure 2 is a view for illustrating the structure 

of an address number region 105-2 of an optical disk 
according to Example 2 of the present invention; 

Figures 3A to 3C are views for illustrating 
25 structures of an optical disk 200, and address number 
regions 205 and 207 according to Example 3 of the present 
invention ; 

Figure 4 shows the optical disk 200 having a 
30 structure wherein groove regions change to land regions 

at a part of the disk according to Example 3 of the 
present invention; 
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Figure 5 is a block diagram showing a device 350 
for determining "tracking position according to Example 3 
of the present invention; and 

Figures 6A to 6C are views for showing a part of 
an optical disk master produced according to Example 4 of 
the present invention, and the steps for producing the 
master . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be 
described by way of illustrative, but non-limiting 
examples with reference to the accompanying drawings. 
The same components are denoted by the same reference 
numerals in the following examples. 

(Example 1) 

Figure la shows the structure of an optical disk 
100 according to Example 1 of the present invention. 

The optical disk 100 includes: a first zone 101 
and a second zone 102, which are obtained by concentri- 
cally dividing the optical disk 100; sectors 103 obtained 
by dividing the first zone 101 into 12 sections along 
radial directions; sectors 104 which are obtained by 
dividing the second zone 102 into 16 sections along 
radial directions; address number regions 105-1 of the 
sectors 104 which are recorded by pits; and data record- 
ing regions 106 which record data of the sectors 104. 

Although the optical disk 100 is concentrically 
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divided into the first zone 101 and the second zone 102 
in Example 1 of the present invention, the optical disk 
100 may be divided into three or more zones. 

5 Each of the first zone 101 and the second zone 

102 is divided into sectors so that linear densities for 
tracks of the disk 100 are nearly the same. According to 
Examples of this invention described in this specifica- 
tion, the first zone 101 includes 12 sectors 103, the 
10 second zone 102 includes 16 sectors. However, conditions 
for dividing the first zone 101 and the second zone 102 
into sectors are not limited thereto. The first zone 101 
and the second zone 102 may be divided into sectors in 
accordance with other suitable conditions. 

15 

According to Example 1 and each of the later- 
described examples of the present invention, only sectors 
104 along the outer periphery of the disk are mentioned 
upon describing the present invention. However, the 
20 present invention can be applied to the sectors 103 along 
the inner periphery of the disk in the same manner as in 
the sectors 104. 



Figure IB shows the structures of the address 
number region 105-1 and the data recording region 106. 

The address number region 105-1 includes: an 
address mark region 107 in which address marks for 
identifying the start points of address numbers are 
recorded; a sector number region 108 in which sector 
numbers are recorded; a first track number region 109 in 
which track numbers for groove tracks 111 are recorded; 
a second track number region 110 wherein track numbers 
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for land tracks 112, each of which is interposed between 
the groove tracks 111, are recorded. 

According to the optical disk 100 of Example 1, 
address marks and sector numbers between the adjacent 
tracks in one sector are respectively recorded at posi- 
tions aligned along a radial direction of the optical 
disk 100. Specifically, the address marks are recorded 
in the address mark region 107, and the sector numbers 
are recorded in the sector number region 108. As to data 
recorded in the address mark region 107 and data recorded 
in the sector number region 108, a common value is 
assigned between the two adjacent tracks. 

Track numbers can take different values between 
the two adjacent tracks. Track numbers are divided into 
track numbers at the time of groove tracking and track 
number at the time of land tracking. The thus divided 
track numbers are respectively recorded to the first 
track number region 109 and the second track number 
region 110 so that they are not adjacent to each other 
between adjacent tracks. 

The data recording region 106 is created by the 
spiral groove tracks 111 used for tracking, and the land 
tracks 112, each of which is interposed between the 
groove tracks 111. Data to be recorded is recorded on 
the groove track 111 and the land track 112. 

According to Example 1 of the present invention, 
a width of the groove 111 is set to be about 0.7 urn, and 
a width between grooves 111, i.e., a width of the land 
region, is set to be about 0.7 um. According to the 
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super-resolution readout method, even with such an 
extremely narrow track pitch, cross- talk from the adja- 
cent track is greatly reduced in the data recording 
region 106. Therefore, it is possible to read out or 
5 write data at a low error rate. 

In the sector number region 108, the first track 
number region 109, and the second track number region 110 
in the address number region 105-1, data is recorded 
10 according to bi-phase modulation in which "1" is repre- 
sented as "10" and "0" is represented as "01". In the 
address mark region 107, code 111000, which does not 
appear in the bi-phase modulation, is recorded as an 
address mark. 

15 

Since data in the address number region 105-1 is 
recorded as pits utilizing emboss pits of the disk, it is 
impossible to obtain super-resolution effect of the disk. 
Moreover, cross -talk may be generated. Thus, there is a 
20 possibility of not being able to reproduce data recorded 
in the address mark region 107 and the sector number 
region 108. 

According to the aforementioned data configura- 
25 tion, however, even when cross-talk is generated as a 
result of not being able to obtain the super-resolution 
effect, address marks and sector numbers respectively 
recorded in the address mark region 107 and the sector 
number region 108 can be reproduced. This is because an 
30 interfering signal due to the cross-talk is the same as 
a track signal to be read out. Accordingly, the optical 
disk receives no influence from cross- talk. Thus, 
reading errors are not caused by cross-talk. 
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Both of address marks and sector numbers are 
recorded on the optical disk 100 so as to be adjacent to 
each other between the adjacent tracks, regardless of 
whether they are data for groove track 111 or data for 
land track 112. Therefore, as compared to the case where 
all pieces of address information in each of tracks are 
recorded so as not to be adjacent to each other, data 
length of the address number region 105-1 can be reduced 
by an amount equal to the length of data regions in the 
address mark region 107 and the sector number region 108. 
In other words, the capacity of the optical disk can be 
effectively utilized. 



Track numbers for tracks positioned adjacent to 
15 each other are recorded in an alternate manner in the 
track number regions 109 and 110 on the optical disk 100 
so as not to be adjacent to each other between two 
adjacent tracks depending on whether it is the track 
number for the groove track 111 or the track number for 
20 the land track 112. Thus, a pitch of the track in which 
a track number is recorded becomes twice as long as the 
track pitch of the address mark region 107 or the sector 
number region 108. As a result, cross-talk from the 
neighboring track is significantly reduced. 

25 

Although address marks and sector numbers can 
have common values, respectively, between adjacent tracks 
according to Example 1 of the present invention, kinds of 
data which can take a common value between adjacent 
30 tracks are not limited thereto. Even with data other 
than address marks and sector numbers, data which is 
common between adjacent tracks and data which is not 
common between adjacent tracks is recorded separately 
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according to the optical disk of the present invention. 
Consequently, as compared to the conventional optical 
disk, the address number region 105-1 in the optical disk 
of this invention can be structured more efficiently and 
at an extremely low error rate. 

In Example 1 of the present invention, a track 
number which is recorded in the first track number region 
109 represents the track number for groove track 111, and 
a track number which is recorded in the second track 
number region 110 represents the track number for land 
track 112. However, track numbers in the first track 
number region 109 may represent track numbers for land 
tracks 112, and track numbers in the second track number 
region 110 may represent track numbers for groove tracks 
111. 

In each of the examples described hereinafter, 
the order of the region in which track numbers for groove 
tracks are recorded and the region in which track numbers 
for land tracks are recorded is not limited to the 
illustrated order. 

( Example 2 ) 

In Example 1 of the present invention, even when 
a land region in the second track number region 110 (see 
Figure IB) is tracked, the address pits in the second 
track number region 110 serve as partial grooves. As a 
result, a large level of disturbance is caused in a 
tracking error signal. 

In order to avoid an off-track phenomenon result- 



- 16 - 



P16671 



ing from such disturbance, it is necessary to hold the 
tracking servo upon reading the second track number 
region according to the optical disk of Example 1. 

5 An optical disk according to Example 2 of the 

present invention has the same structure as that of the 
optical disk described in Example 1 except for the 
structure of the track number region 110 (Figure IB) at 
the time of land tracking, which is included in the 
10 address number region 105-1 (Figure IB). Therefore, 
description regarding the structures other than that of 
the track number region are herein omitted. 

Figure 2 shows the structure of an address number 
15 region 105-2 in the optical disk according to Example 2 
of the present invention. 

A track number region 114 which contains track 
numbers for the land tracks 112 includes a plurality of 
20 pits representing land track numbers on the land tracks. 

A groove 116 is formed on a track in which a plurality of 
pits in the track number region 114 are not formed. 

An optical disk generally performs tracking of a 
25 land region utilizing an edge of the adjacent groove 

region. Therefore, it becomes possible to perform stable 
tracking of the land region by providing the groove 116. 
In other words, the level of disturbance at the time of 
tracking can be greatly reduced. As a result, it is no 
30 longer necessary to hold the tracking servo, which is re- 
quired upon reproducing the optical disk of Example 1. 
Accordingly, by providing the groove 116, tracking can be 
stably performed even when the groove track 116 in the 
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5 



30 



first track number region 109 and the data recording 
region 106 are reproduced. 

(Example 3) 

Figure 32* shows the structure of an optical disk 
200 according to Example 3 of the present invention. 

The optical disk 200 includes: a first zone 201 
and a second zone 202, which are obtained by concentri- 
cally dividing the optical disk 200; sectors 203 obtained 
by dividing the first zone 201 into 12 sections along 
radial directions; sectors 204 which are obtained by 
dividing the second zone 202 into 16 sections along 
radial directions; address number regions 205 in the 
sectors 204, which are recorded by pits; data recording 
regions 206, in which data for the sectors 204 are 
recorded; an address number region 207 where switching 
between land tracking and groove tracking occurs; groove 
address regions 208 where track numbers and cyclic 
redundancy check (hereinafter, referred to simply as 
"CRC" ) error codes of groove tracks in the address number 
region 205 or 207 are recorded; and land address regions 
209 where track numbers and CRC error codes of land 
tracks in the address number region 205 or 207 are 
recorded. A CRC error code is information used for 
detecting errors which occur while information recorded 
in an optical disk is read out. 

Although the optical disk 200 is concentrically 
divided into the first zone 201 and the second zone 202 
in Example 3 of the present invention, the optical disk 
200 may be divided into three or more zones. 
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Each of the first zone 201 and the second zone 
202 is divided into sectors so that linear densities for 
tracks of the disk 200 are the same. However, conditions 
for dividing the first zone 201 and the second zone 202 
into sectors are not limited thereto. The first zone 201 
and the second zone 202 may be divided into sectors in 
accordance with other suitable conditions. 

According to the optical disk 100 (Figures 1A and 
IB) of Example 1, since the shape of a groove in the data 
recording region is spiral, the groove region and the 
land region are not connected to each other. According- 
ly, in order to reproduce the groove region of the Nth 
track and the land region of the (N+l)th track in a 
continuous manner, it is necessary to move a light spot 
for reproduction from the groove region to the land 
region, i.e., to perform a track jump. 

According to the optical disk 200 of Example 3, 
however, a groove region change to a land region at a 
point in a track of the disk as shown in Figure 4. 
Therefore, an optical disk 200 having such a structure 
makes it possible to continuously reproduce the groove 
region and the land region of a track without performing 
a track jump. For example, immediately after reproduc- 
tion for the groove region of the Nth track is completed, 
reproduction for the land region of the (N+l)th track 
automatically begins without performing a track jump. 

Next, data arrangement for the optical disk 200 
having the structure as shown in Figure 4 will be de- 
scribed with reference to Figures 3B and 3C. 
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Figure 3B shows the address number region 207 in 
the sector 204, where switching between groove region and 
land region is performed. 

5 The address number region 207 includes: an 

address mark region; a sector number region; the groove 
address region 208; and the land address region 209. The 
address mark region and the sector number region in this 
example have the same structures as those of the address 
10 mark region and the sector number region described in 
Example 1. Specifically, address marks and sector 
numbers between the adjacent tracks are respectively 
recorded at positions aligned along a radial direction of 
the optical disk 200. 

15 

Each of the groove address region 208 and the 
land address region 209 includes track numbers and CRC 
error codes. Since track numbers and CRC error codes can 
take different values between adjacent tracks, respec- 
20 tively, the groove address region 208 and the land 
address region 209 are located on the optical disk 200 so 
as not to be adjacent to each other between adjacent 
tracks. As explained in Example 1 of the present inven- 
tion, cross-talk can be avoided by such an arrangement. 

25 

Such address data, i.e., track numbers and CRC 
error codes, is recorded as follows. Address data for a 
groove track in the data recording region 206 is recorded 
in the groove address region 208. On the other hand, 
30 address data for a land track in the data recording 
region 206 is recorded in the land address region 209. 
Specifically, for a groove track in the data recording 
region 206 positioned next to the address number region 
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207, a track number and a CRC error code are recorded in 
the groove address region 208 in the address number 
region 207. At this time, the land address region 209 is 
blank. For a land track in the data recording region 206 
5 positioned next to the address number region 207, a track 
number and a CRC error code are recorded in the land 
address region 209 in the address number region 207. At 
this time, the groove address region 208 is blank. 

10 The address number region 205 shown in Figure 3C 

is the address number region in the sector 204, where 
switching between a groove region and a land region is 
not performed. Address data included in the address 
number region 205 is recorded in the same manner as that 

15 described above. Specifically, address data for a groove 
track in the data recording region 206 is recorded in the 
groove address region 208, and address data for a land 
track in the data recording region 206 is recorded in the 
land address region 209. 

20 

Hereinafter, the case where the point at which a 
groove region is switched to a land region on the optical 
disk 200 of this example is reproduced, or the case where 
the point at which a land region is switched to a groove 
25 region is reproduced will be described. 



Reproducing a groove region and a land region 
continuously without performing a track jump indicates 
that tracking polarity (i.e., position) changes from land 
to groove, or groove to land, with the address number 
region 207 serving as a boundary. Such a change in 
tracking polarity (i.e., position) may occur at a point 
or a plurality of points in two adjacent tracks. By 
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detecting such a change in tracking polarity or position, 
it is possible to determine whether the data recording 
region 206 positioned next to the address number region 
207 corresponds to a groove region or land region. 

5 

A recording position for a track number and a CRC 
error code is determined in accordance with tracking 
position in the data recording region 206 which comes 
after the address number region 207. 

10 

By recording optical disk track numbers and CRC 
error codes in the address number region 207 as described 
above, it is possible to determine tracking position in 
the data recording region 206, using error information 
15 read out from the address number region 207. 

Hereinafter, a method for determining tracking 
position will be described with reference to Figure 5. 

20 Figure 5 is a block diagram showing the structure 

of a device 350 for determining tracking position (here- 
inafter, referred to as "tracking position determining 
device" ) in an apparatus for reproducing an optical disk 
according to Example 3 of the present invention. The 

25 tracking position determining device 350 is included in 
the apparatus for reproducing an optical disk. 

The tracking position determining device 350 
includes: address demodulators 301 and 302 for demodulat- 
30 ing data recorded in the groove address region 208 and 
the land address region 209 shown in Figure 3, respec- 
tively; sections 303 and 304 for determining CRC errors 
of data demodulated in the address demodulators 301 and 
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302, respectively (hereinafter, referred to as "error 
determining sections"); and AND gates 305 to 307. 

The address demodulators 301 and 302 demodulate 
address data which is read out. The error determining 
sections 303 and 304 output "1" when no address demodu- 
lation error occurs, and output "0" when address demodu- 
lation error occurs. The error determining sections 303 
and 304 make a determination regarding the occurrence of 
an error using a CRC error code as described above. Such 
a determination entails determining whether a CRC error 
code is recorded in a region of the track presently being 
reproduced and as to which area of the track the CRC 
error code is recorded in. Therefore, the error deter- 
mining sections 303 and 304 are used for detecting the 
record position of a CRC error code. The AND gates 305 
to 307 receive determination results from the error 
determining sections 303 and 304, and output a signal 
indicating one of the following three cases: the read 
address data is address data which performs groove 
tracking; the read address data is address data which 
performs land tracking; and reproduction error. Based on 
the output, a section for determining the tracking 
position (not shown) in the optical disk reproducing 
apparatus determines the tracking position of the track 
presently being reproduced. 

Hereinafter, the case where the Nth track and the 
(N+l)th track in the address number region 205 (Figure 
3C) are reproduced using the address demodulators 301 and 
302 will be described. 

As to the Nth track in the address number region 
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205 ( Figure 3C ) , a track number and a CRC error code are 
recorded in the groove address region 208 (Figure 3C). 
In this case, the output of the error determining section 
303 becomes 1, and the output of the error determining 
5 section 304 becomes 0. Then, a signal indicating groove 
tracking is output by the AND gate 305. As a result, the 
reproducing apparatus which is reproducing the groove 
region at that time determines that the subsequent 
reproduction position is also in groove region, based on 
10 the signal indicating groove tracking which is output 
from the tracking position determining device 350. 

As to the (N+l)th track in the address number 
region 205 (Figure 3C), a track number and a CRC error 

15 code are recorded in the land address region 209 (Figure 
3C). In this case, the output of the error determining 
section 303 becomes 0, and the output of the error 
determining section 304 becomes 1. Then, a signal 
indicating land tracking is output by the AND gate 306. 

20 As a result, the reproducing apparatus which is reproduc- 
ing the land region at that time determines that the 
subsequent reproduction position is also in land region, 
based on the signal indicating land tracking which is 
output from the tracking position determining device 350. 

25 

In the case where the address number region 205 
has defects, and both of the error determining sections 
303 and 304 thereby indicate an error, the output of the 
AND gate 307 becomes 1, and a signal indicating address 
30 demodulation error is output. When address demodulation 
error occurs, the reproducing apparatus determines 
tracking position using the sector number of the sector 
previously reproduced and the sector number for the zone 
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of the present tracking position, and determines that the 
subsequent reproduction position is in a groove region or 
a land region. 

Next, the case where the Nth track and the 
(N+l)th track in the address number region 207 (Figure 
3B) are reproduced using the address demodulators 301 and 

302 will be described. 

The Nth track in the address number region 207 
(Figure 3B) changes from a groove track to a land track 
around the address number region 207 ( Figure 3B ) . 

As to the Nth track in the address number region 
207 ( Figure 3B ) , a track number and a CRC error code are 
recorded in the land address region 209 (Figure 3B). In 
this case, the output of the error determining section 

303 becomes 0, and the output of the error determining 
section 304 becomes 1. Then, a signal indicating land 
tracking is output by the AND gate 306. As a result, the 
reproducing apparatus which is reproducing the groove 
region at that time determines that the subsequent 
reproduction position corresponds to a land region, based 
on the signal indicating land tracking which is output 
from the tracking position determining device 350. 

As to the (N+l)th track in the address number 
region 207 (Figure 3B), a track number and a CRC error 
code are recorded in the groove address region 208 
(Figure 3B). In this case, the output of the error 
determining section 303 becomes 1, and the output of the 
error determining section 304 becomes 0. Then, a signal 
indicating groove tracking is output by the AND gate 305. 
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As a result, the reproducing apparatus which is reproduc- 
ing the land region at that time determines that the 
subsequent reproduction position corresponds to a groove 
region, based on the signal indicating groove tracking 
5 which is output from the tracking position determining 
device 350. 

As described above, by changing format in the 
address recording region depending on whether the posi- 
10 tion to be reproduced next corresponds to groove region 
or land region, it is possible to easily detect tracking 
position to be reproduced next even when tracking posi- 
tion changes from groove region to land region, or from 
land region to groove region. 

15 

( Example 4 ) 

In Example 4 of the present invention, a method 
for producing a master for optical disks such as the 
20 optical disks described in Examples 1 to 3 of the present 
invention will be described. 

In terms of reproduction characteristics, it is 
most preferable that a pit width in the address number 

25 region 105-1 (Figure IB) of the optical disk 100 (Figure 
1A) is in the range of about 0.3 to about 0.4 urn, and a 
width of a groove used for tracking in the data recording 
region is about 0.7 urn which is the same value as the 
track pitch. Hereinafter, a method for producing an 

30 optical disk master 400 according to this invention, 
which has the above- described pitch width and groove 
width will be described with reference to Figures 6A, 6B, 
and 6C. 
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Figure 6A shows the structure of a part of the 
optical disk master 400 which is produced according to 
the method for producing an optical disk master of 
Example 4. 

5 

The optical disk master 400 includes : groove 
regions 401 which are data recording regions; a common 
address data region 402 containing address marks, sector 
numbers, and the like; a first uncommon data region 403 

10 containing groove track numbers and the like; a second 
uncommon data region 404 containing land track numbers 
and the like; deformed portions 406 of the groove regions 
resulting from deformation in parts of the groove re- 
gions; and land regions 405 which are data recording 

15 regions. Each groove region 401 and each land region 405 
constitute a track 407. 

Hereinafter, the method for producing the master 
having the pattern shown in Figure 6a will be described 

20 with reference to Figures 6B and 6C. As to Figures 6B 
and 6C, production of the master is performed in the 
order from the left side in the figures towards the right 
side. As to Figure 6a, production of tracks 407 is 
performed in the order from the top side in the figure 

25 towards the bottom side. 

In order to simplify the description for the 
method for producing the master, the description will 
start with the state where a photoresist film is formed 
30 on a circular glass substrate in Example 4 of the present 
invention. In order to form the photoresist film on the 
circular glass substrate, any well known method may be 
used. The term "cutting" as used herein refers to the 
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formation of a mark region or a portion to be a groove 
later in the photoresist film formed on the circular 
glass substrate during the production of the optical disk 
master. 

5 

Figure 6B shows the state where cutting of the 
photoresist film is performed using light beam during the 
first rotation of the substrate. Cut portions are 
indicated by halftone dots. 

10 

A part of the groove region 401 is cut by irradi- 
ation of light beam which is displaced from the center 
line of the track 407 by an amount of P. 

!5 Next, the amount of light beam displacement P is 

set to be zero, and cutting of the common data region 402 
and the first uncommon data region 403 is performed. 

Thereafter, cutting of the groove region 401 is 
20 performed again by means of irradiation of light beam 
which is displaced from the center line of the track 407 
by an amount of P. The cutting of the deformed portion 
406 of the groove region can be realized by increasing 
the displacement amount P regarding irradiation position 
25 of light beam. 

By changing the displacement amount P during the 
first rotation of the substrate as described above, a pit 
and a part of a groove is cut. 

30 

Figure 6C shows the state where cutting of the 
photoresist film is performed using light beam during the 
second rotation of the substrate. Cut portions are 
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denoted by -the hatched portions. 

During the second rotation of the substrate, the 
groove region 401, which has been partially cut during 
5 the first rotation of the substrate, is further cut. 

Light beam irradiation position during the second 
rotation of the substrate is shifted toward a direction 
closer to the desired cut portion of the groove region 

10 401, from the center of the track following the track 
which has been cut during the first rotation of the 
substrate, by an amount of Q. At this time, the groove 
portion 401 is cut so that the cut portion during the 
second rotation of the substrate partially overlaps the 

15 cut portion during the first rotation of the substrate. 

Next, the amount of light beam displacement Q is 
set to be zero, and cutting of the common data region 402 
and the second uncommon data region 404 is performed. 

20 The cutting of the deformed portion 406 of the groove 
region can be realized by setting the aforementioned 
displacement amount Q to be a smaller value. At this 
time, the deformed portion 406 of the groove region is 
cut so that a light beam trace during the second rotation 

25 of the substrate partially overlaps the light beam trace 
during the first rotation of the substrate. 

After the cutting is completed, it is possible to 
produce the optical disk master using the photoresist 
30 film in which light beam traces are formed. Since the 
following steps up until the completed master is obtained 
are the same as those already known in the art, the 
description thereof is herein omitted. 
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According to the above-described cutting method, 
cutting of any position, or a mark region or a groove 
region 401 of any shape can be performed by shifting a 
light beam or an electron beam in a radial direction at 
5 any position on the substrate so that the light beam 
trace during the first rotation of the substrate partial- 
ly overlaps the light beam trace during the second 
rotation of the substrate. 

10 For example, a desired portion of a large mark 

region (i.e., the common data region 402 and the uncommon 
data regions 403 and 404) or the groove region 401, which 
has a width greater than the half-value width of a light 
beam, can be cut so as to produce an optical disk master. 

15 

For example, it is possible to easily produce an 
optical disk master in which a width of each of the 
emboss pits of address regions and a width of a groove 
region have different values. 

20 

Even with the conventional master producing 
apparatus using two light beams, it is difficult to form 
the deformed portion 406 having a groove width different 
from that of the groove region 401 in a part of the 

25 groove region 401. According to the method for producing 
an optical disk master in Example 4 of the present inven- 
tion, however, the deformed portion 406 of the groove 
region 401 can be easily produced simply by changing the 
running position of a light beam. This is because it is 

30 relatively easy to control the running position of one 
light beam at a 0.1 pm level or less. By using the 
above-described method, the need for using an expensive 
master producing apparatus, having two light beams, is 
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eliminated. 

Example 4 of -the present invention describes the 
case where cutting is performed without changing the 
5 intensity of a light beam. However, by changing the 
intensity of the light beam as necessary, the width of 
the mark region and the width of the groove region 401 
can be varied more flexibly. More specifically, the 
width of the groove region can be made about three times 
10 as large as the width of the mark region. 

According to the description above, the light 
beam irradiates the rotating glass substrate. However, 
this is only one example wherein cutting is performed by 
15 relative movement of a light beam and glass substrate. 

The present invention is not limited to the case where 
the glass substrate rotates. For example, the glass sub- 
strate may be fixed and irradiated with a rotating light 
beam. 

20 

Although a light beam irradiates the rotating 
glass substrate in Example 4 of the present invention, 
any beam can be used as long as the photoresist film is 
exposed by the beam. For example, an electron beam or 
25 the like can be used. 

According to the optical disk of the present 
invention, data which is common between two adjacent 
tracks of the plurality of tracks is recorded at posi- 
30 tions aligned along the same radial direction on the two 
adjacent tracks, and data which is not common between two 
adjacent tracks is recorded at positions along different 
radial directions on the two adjacent tracks. According- 
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ly, the recording density efficiency is improved. 

Moreover, errors caused by cross-talk can be 
avoided. Thus, it is possible to realize a high density 
5 disk with an address region having a high efficiency and 
a low error rate. 

According to the present invention, it is possi- 
ble to detect the tracking position of a track being 

10 reproduced, based on predetermined information recording 
in the track. Therefore, according to the present inven- 
tion, upon reproducing the optical disk having a struc- 
ture such that groove regions change to land regions at 
a part of the disk, it is possible to easily detect the 

15 tracking polarity position to be reproduced next even 
when the tracking polarity (i.e, position) changes from 
a groove region to a land region, or from a land region 
to a groove region. 

20 According to the method for producing an optical 

disk master of this invention, since groove region on the 
optical disk master is formed by two substrate rotation 
processes, it is possible to easily produce, using one 
light beam, a master in which the width of each of emboss 

25 pits of the address regions and the width of the groove 
region are different from each other. 

According to the method for producing an optical 
disk master of this invention, the deformed portion of 
30 the groove region can be easily formed simply by changing 
the running position of a light beam. 

According to the method for producing an optical 
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disk master of "this invention, as compared to the method 
in which a groove of a wide width is formed simply by- 
performing power control of one beam, it is possible to 
suppress formation of a blunt edge in the groove, and to 
5 change a range of a groove width. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
10 invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to the 
description as set forth herein, but rather that the 
claims be broadly construed. 



